Abstract: In this study, influence of different stone powders (SP), including limestone powders (LP), quartzite powders (QP), and granitic powders (GP), on the hydration behaviors of portland cement, for example, setting time, hydration heat, and hydration products, were discussed. The initial and the final setting time both shorten when the content of LP is 5 %, however, they are slightly delayed by the other two SPs. The LP has no obvious influence on the arrival time of the first peak in the exothermal curves, and it makes the peak value decrease; the other two SPs postpone the appearance of the first peak, and they also make the peak value decrease. For the second peak, LP shifts the peak position to the left, QP has no effect on this peak position, and GP makes the appearance of this peak delayed by 143 min. Similarly, three kinds of SPs have different influence on the hydration products of portland cement. The LP precipitates the formation of hydrated calcium carbo aluminate, the QP the formation of hydrated garnet, and the GP makes the amount of Tobermorite increase.
Introduction
SP is by-product from the production of manufactured fine aggregate (MFA), and its size is -75 lm, which has the same mineral composition as the mother rock of MFA (Li et al. 2006) . Some studies showed that LP was not completely inert, and it could react with C 3 A and C 4 AF into hydrated calcium carbo aluminate, thereby making the properties of cementbased materials improved (Gutteridge and Dalzeil 1990; Soroka and Stern 1976; Bonavetti et al. 2003; Bonavetti and Irassar 1994; Bonavetti et al. 2001; Poppe and Schutter 2005) . Kakali et al. (2000) examined the hydration product of portland cement with 0, 10, 20 and 35 % of LP at 28 days, and revealed the reaction mechanism of C 3 A and LP, which showed that LP imposed great influence on the hydration products because of the formation of calcium carbo aluminate. XRD peaks of Ca 4 Al 2 O 6 ÁCO 3 Á11H 2 O and Ca 4 Al 2 O 6 Á(CO 3 ) 0.5 (OH)Á11.5H 2 O became more obvious as the content of LP increased, and LP quickened the formation of calcium carbo aluminate and slowed down the formation of calcium Sulpho aluminate. Zhou et al. (1996) found that different lithologic SPs could accelerate the hydration of portland cement, and the SP could act as a nuclei and induced the devitrification of the hydration products, therefore increasing the cement hydration reaction rate. Hydrated calcium carbo aluminate was formed and the transformation of ettringite to hydrated calcium sulfo aluminate was restrained when LP was mixed. Kumar et al. (2013a) and Oey et al. (2013) estimated the influence of limestone fillers on reaction and property evolution in cementitious materials with simple methods, and it is concluded that the limestone fillers have accelerations in reactions. Kumar et al. (2013b) made a comparison of intergrinding and blending limestone on reaction and strength evolution in cementitious materials, and the results suggest that intergrinding or blending are both viable strategies to reduce the clinker factors of portland cement.
However, the research focuses on the influence of MFA and LP on the properties of concrete and cements, and the reports of other kinds of MFA and SP are less. The lithology of SP may be different because of its mother rock; therefore, the influences of SP derived from different lithologic rocks on the hydration behaviors of cement were comparatively studied.
Raw Materials and Test Methods

Raw Materials
The Huaxin P.O52.5 cement was used, whose properties meet the requirement of the Common portland cement (GB175-2007), and its composition was showed in Table 1 . The different lithologic SPs were used, including LP, QP, and GP, and their specific surface area was listed in Table 2 and the main chemical composition in Table 3 . XRD patterns of the SPs were shown in Fig. 1 .
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From the above XRD patterns, it can be concluded that LP is mainly composed of calcites and Dolomites, QP is composed of quartz, and GP is composed of quartz and fairchildite.
Test Methods
The normal consistency and the setting time were tested according to the Test methods for water requirement of normal consistency, setting time and soundness of the Portland cement (GB/T1346-2011), and the specific surface area test was carried out according to the Testing method for specific surface of cement-Blaine method (GB/T 8074-2008). The exothermal curves were achieved using the Heat conduction calorimetry and SETARAM hydration exothermal analyzer. The total powder quality of cement and SP is 500 mg for any sample, water to powder ratio is 1:1, and the exothermal curves were continuously recorded for 48 h.
Results and Discussion
Influence of SPs on the Standard Viscosity and Setting Time
The total quality of the sample is fixed at 500 g and the contents of SPs are 0, 5, 10, 15, and 20 % in the samples, respectively. The influences of SPs on the initial, the final setting time, and the normal consistency of cement were tested. It can be concluded from Table 4 that the normal consistency of the mixture paste gradually increased as the content of LP increases, the influence regularities of QP and GP are the same as the LP, and they all make the water requirement increase.
The initial setting time shortens by 20 min when the content of LP is 5 %, and the initial setting time is the same as the control without LP when the content of LP is equal to or greater than 10 %. The initial setting time does not change when the content of QP is 5 %, and it increases by 3-10 min when the content of QP continuously increases. The initial setting time increases by 17 min when the content of GP is 5 %, and it delays by 16-24 min when the content is greater than 5 %.
As shown in Table 4 , SPs have similar influence regularity on the final setting time. The final setting time shortens by 13 min when the LP is 5 %, the final setting time is the same as the control when the content of LP is 10-15 %, and it increases by 10 min when the content of LP is greater than 15 %. For QP, the final setting time is the same as the control when the content is 5 %, and it delays by 3-12 min when the content is greater than 5 %. The final setting time increases by 3-15 min when GP is mixed at any content. In conclusion, the three kinds of SP all make the normal consistency of cement increase; the initial and final setting times delay when the content of LP is 5 %, and they have no great change when the content increases; the initial and final setting times slightly prolongs when QP or GP is mixed.
Influence of SP on the Hydration Thermal of Cement
The mix proportion was shown in Table 5 , and the continuous exothermal curves of the hydrating samples for 48 h were shown in Fig. 2. Figure 2a shows the exothermal curves of 48 h, Fig. 2b , c are the enlarged figures of the first peak and the second peak, which is to be easily observed. As is shown in Fig. 2b , the first exothermal peaks of the CN, CL1, CL2, CQ and CG samples appear at 200.5, 200.5, 200.5, 236.6 , and 272.7 s, respectively. The LP has no influences on the arrival of the first peak whether it was internally or externally mixed, and the appearance of the first exothermal peak delays by 36.1 and 72.2 s when the QP and the GP were mixed, respectively
The first exothermal peak of the cement hydration is caused by the formation of Ettringite (Runzhang 1996) . It can be concluded from Fig. 2b that the LP has no influence on the arrival time of the first peak, however, the peak area decreases, which may be ascribed to the less cement; the arrival time of the first peak delays when the GP and the QP were mixed, which indicates that they postpone the formation of Ettringite, and the peak areas decrease, also. The first peak values of the CN, the CL1, the CL2, the CQ, and the CG are 16.34, 12.76, 12.37, 11.97, and 11.89 mW, accordingly, which shows that the first value decreases when SP is mixed. The second peak in the exothermal curve is formed because of the hydration of C 3 S (Runzhang 1996) . It can be seen from Fig. 2c that the arrival time of the second peaks are 516, 528, 536, 537, and 679 min, respectively. The LP shifts the peak position to the left, which shows that the hydration of cement is accelerated by the LP. However, the appearances of the second peaks delays by 1 and 143 min by the QP and the GP, respectively; this shows that the QP has no obvious effect on the hydration of C 3 S and the GP has obvious effect. The values of the second peak are 2.48, 2.45, 2.40, 2.12, and 2.03 mW, according to the CN, the CG, the CL2, the CQ and the CL1. It can be concluded that the SPs, especially for the QP and the GP, decreases the concentration of hydration heat from the two exothermal peaks. The first exothermal peak enlarged There is another small peak appeared at 780 min in the exothermal curve of the CN sample in Fig. 2c , however, the peak cannot be observed in the other samples with SPs. The peak is formed by the transformation of AFt to AFm, therefore, the transformation is prevented by the SPs.
Influence of SPs on the Hydration Products
Different samples were prepared to study the influence of SPs on the hydration products of cement, and 220 g of water and 500 g of powders were used in every sample. The first sample is cement of 100 %, and the other three samples are that the cement is replaced by 10 % by quality by the LP, the QP, and the GP, respectively. The XRD patterns are shown in Fig. 3 .
It can be concluded through comparing Fig. 3a , b that the LP induces the formation of C 3 AÁCaCO 3 Á11H 2 O, which is shown at 2h of 23°in Fig. 3b and the influence of the LP on the hydration of tricalcium silicate is unclear because of the peak overlapping of hydrated calcium silicate and calcium carbonate. The QP induces the appearance of peaks of C 3 ASH 4 in Fig. 3c , which indicates the formation of a new phase. It can be seen from Fig. 3d that the peak intensity of Tobermorite is strengthened by the GP, which shows that the amount of Tobermorite is more when the GP is mixed.
Conclusions
The influences of the SPs on basic performances and hydration of portland cement were comparatively studied, and the following conclusions are as follow.
(1) The normal consistency increases as the content of SP increases. The initial setting time and final setting time both shortens when the content of LP is 5 %, and they slightly delays because of the QP and the GP.
(2) The LP has no effect on the arrival time of the first peak in the exothermal curve, however, the peak value decreases. The arrival time of the first peak postpones and the peak value also decreases because of the GP and the QP. The second peak shifts it position to the left when the LP is mixed, the QP has no obvious influence on the peak position, however, the peak is delayed by 143 min by the GP.
(3) The LP induces the formation of hydrated calcium carboaluminate, the QP the formation of hydrated garnet, and the GP makes the amount of Tobermorite greater.
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